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By combining physical activity and exposure to nature, green exercise can provide
additional health benefits compared to physical activity alone. Immersive Virtual
Environments (IVE) have emerged as a potentially valuable supplement to environmental
and behavioral research, and might also provide new approaches to green exercise
promotion. However, it is unknown to what extent green exercise in IVE can
provide psychophysiological responses similar to those experienced in real natural
environments. In this study, 26 healthy adults underwent three experimental conditions:
nature walk, sitting-IVE, and treadmill-IVE. The nature walk took place on a paved trail
along a large river. In the IVE conditions, the participants wore a head-mounted display
with headphones reproducing a 360◦ video and audio of the nature walk, either sitting on
a chair or walking on a manually driven treadmill. Measurements included environmental
perceptions (presence and perceived environmental restorativeness – PER), physical
engagement (walking speed, heart rate, and perceived exertion), and affective
responses (enjoyment and affect). Additionally, qualitative information was collected
through open-ended questions. The participants rated the IVEs with satisfactory levels
of ‘being there’ and ‘sense of reality,’ but also reported discomforts such as ‘flatness,’
‘movement lag’ and ‘cyber sickness.’ With equivalent heart rate and walking speed,
participants reported higher perceived exertion in the IVEs than in the nature walk.
The nature walk was associated with high enjoyment and enhanced affect. However,
despite equivalent ratings of PER in the nature walk and in the IVEs, the latter
were perceived as less enjoyable and gave rise to a poorer affect. Presence and
PER did not differ between the two IVEs, although in the treadmill-IVE the negative
affective responses had slightly smaller magnitude than in the sitting-IVE. In both the
IVEs, the negative affective responses were mainly associated with cyber sickness,
whereas PER was positively associated with enjoyment. From the qualitative analysis,
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it emerged that poor postural control and lack of a holistic sensory experience can also
hinder immersion in the IVE. The results indicate that IVE technology might in future be
a useful instrument in green exercise research and promotion, but only if image quality
and cyber sickness can be addressed.
Keywords: environmental perception, green exercise, physical activity promotion, restorative environments,
virtual reality
INTRODUCTION
By combining physical activity and exposure to nature, green
exercise can provide several health benefits (Pretty et al.,
2003). Studies have, for example, shown that green exercise
can provide greater benefits compared to physical activity
performed indoors or in an urban setting, which include a
reduction in psychophysiological stress and enhanced mental
health (Bowler et al., 2010; Thompson Coon et al., 2011). In
particular, a meta-analysis (Bowler et al., 2010) showed that
green exercise studies consistently found significant reductions
in negative emotional states such as fatigue, anger and sadness.
Green exercise has also been consistently associated with lower
perceived exertion compared to exercising indoors while at the
same time inducing people to engage in more vigorous physical
activity (Focht, 2009; Calogiuri et al., 2015). This implies that
green exercise can increase the likelihood of higher exercise
intensities being reached, which in turn can lead to a number of
health benefits (Gladwell et al., 2013).
The attention-restoration theory (ART) of Kaplan (1989,
1995) has been used to explain the positive psychological effects
of green exercise. ART postulates that some environments can
elicit restoration from mental fatigue by triggering a spontaneous
(and therefore effortless) form of attention, which is referred to
as fascination. Some specific features of the natural world such
as clouds in the sky or leaves in a breeze are hypothesized to
have particular advantages in prompting attention-restoration
mechanisms. Moreover, being outdoors in a natural environment
can provide a sense of being away from everyday problems,
thus contributing to restorative experiences. The theory specifies
two additional components: extent and compatibility, the former
representing the degree to which an environment is perceived as
being coherently ordered and having substantial scope, while the
latter represents the degree to which the environment matches a
person’s inclinations at the time. A number of studies have found
that exercising in natural environments has greater potential
for restoration compared to indoor (Hug et al., 2009; Calogiuri
et al., 2016a) and urban (Bodin and Hartig, 2003; Hartig et al.,
2003) environments, while also giving rise to improved cognitive
performance (Hartig et al., 1991, 2003), enhanced psychological
states (Hartig et al., 1991, 2003; Calogiuri et al., 2015), and
reduction of psychophysical stress (Hartig et al., 2003; Aspinall
et al., 2015; Calogiuri et al., 2015).
Immersive Virtual Environments (IVEs) consist of synthetic
sensory information that provide a surrounding and continuous
stream of stimuli, creating the illusory perception of being
enclosed within and interacting with a real environment (Loomis
et al., 1999; Smith, 2015). IVEs are becoming increasingly
popular, especially in the form of head-mounted displays (HMD),
a device with a motion sensor that allows a 360◦ vision of a virtual
world while eliminating the visual contact with external reality.
The popularity of IVEs and HMDs follows the introduction
of relatively affordable technology that not only provides the
opportunity to immerse oneself in pre-set IVEs, but also allows
the creation of new IVEs using special 360◦ cameras and freely
available and customizable applications. One of the potential
advantages of HMD is that they can provide relatively intense
immersive experiences. In IVE sciences, immersion is defined
as the extent to which a computer-generated environment is
“capable of delivering an inclusive, extensive, surrounding, and
vivid illusion of reality to the senses of a human participant”
(Slater and Wilbur, 1997), and it is commonly evaluated by
assessing participants’ feelings of presence. The concept of
presence, i.e., the subjective feeling of “being in the virtual
environment” (Slater and Wilbur, 1997), is therefore a key
element in research related to the effectiveness of virtual reality
technology, including (but not limited to) its application in the
physical activity and exercise sciences (Pasco, 2013).
Green exercise research faces a number of challenges,
especially in relation to the extent to which studies can control
for possible confounders when comparing indoor and outdoor
environments (Lee and Maheswaran, 2011; Rogerson et al., 2016).
Different weather conditions and terrains (e.g., a paved trail as
opposed to a treadmill), for example, might lead to differences
in physical engagement and influence psychophysiological
responses. IVEs, however, can engage research participants in
highly controlled immersive environmental experiences (Smith,
2015). Furthermore, IVE could, in the future, provide a simple
way of integrating experiences of nature into people’s everyday
lives, as well as supplement rehabilitation and health promotion
programs: in an urbanized society, a large number of individuals
do not (or cannot) engage in green exercise on a regular
basis: recent estimates show that in Norway, for instance,
almost half of the population do not engage in any green
exercise in a typical week (Calogiuri et al., 2016b), while in
the United Kingdom this reaches 80% (White et al., 2016).
Yet the application of and research into this technology in
relation to environmental or exercise sciences is still in its
infancy. In particular it is not clear, in terms of participants’
perceptions, to what extent IVE technology can reproduce
life-like experiences of green exercise. Research suggests, for
example, that watching images or videos of nature can provide
a similar, although smaller, burst of positive affect compared
with a walk in real nature (Plante et al., 2006; Mayer et al.,
2009). Furthermore, positive psychophysiological and cognitive
effects have also been demonstrated in a study by Valtchanov
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et al. (2010), in which the participants were exposed to a virtual
environment constructed as a photo-realistic forest (i.e., a high
quality computer-generated representation of a forest). However,
to the best of our knowledge, no research has yet investigated
how people respond and interact with IVEs that are more
encompassing and dynamic, such as watching a first-person 360◦
video of a nature walk.
Engaging in physical activity while being exposed to virtual
nature might provide additional benefits: physical movement
might contribute to more positive affective responses as
compared with a sedentary exposure to virtual nature, as
in fact physical activity alone is known to provide affective
benefits (Ekkekakis et al., 2011); having the possibility of
moving might also elicit more immersive experiences in the
IVE, as this might provide greater engagement with the virtual
environment; furthermore, physical movement might prevent
discomfort caused by the gap between the movements of virtual
self and the movements of the real self. Studies have previously
tested experimental conditions in which participants exercised
on a treadmill or a stationary bike while watching images or
videos of nature displayed on a screen (Pretty et al., 2005;
Plante et al., 2006; Akers et al., 2012; White et al., 2015; Yeh
et al., 2017). However, despite attempts within the gaming
industry to combine HMDs with special ergometers and other
devices, how best to combine IVE and physical movement in a
controlled research environment remains underexplored. Since
the 1990s, using different types of IVE technology, researchers
have studied how to integrate physical movement with exposure
to IVEs and how IVEs can influence people’s physical activity
patterns (Slater et al., 1995; Jaffe et al., 2004; Sheik-Nainar and
Kaber, 2007; Peruzzi et al., 2016). However, to the best of our
knowledge, few of these studies have attempted to combine
physical activity with HMDs and none of them has investigated
whether the additional component of physical movement can
actually elicit feelings of presence or positive psychological states
to a greater extent than a sedentary exposure. Besides the
interest in understanding the extent to which physical movement
can elicit more immersive experiences, it is also important to
consider the effects that exercising in IVE conditions might
have on the way people move and exercise. Wearing a HDM
might, for example, lead participants to walking or exercising
at a slower pace than they would normally do in a real
natural environment, reducing some of the potential benefits
of simulated green exercise experiences. Moreover, because the
subjective experience of exercise intensity is often associated
with health outcomes as well as motivation for regular exercise
(Ekkekakis et al., 2011), it is important to consider people’s
responses to simulated green exercise in terms of perceived
exertion.
The purpose of the current study was to investigate the extent
to which commercially available IVE technology used under
laboratory conditions can simulate green exercise experience,
reproducing similar psychophysiological responses. In addition,
we investigated whether physical movement (i.e., walking on a
treadmill) could elicit greater engagement with the virtual natural
environment, leading to higher positive affective responses
compared to sedentary exposure.
MATERIALS AND METHODS
Participants
Participants were recruited among students and employees at
the Faculty of Social and Health Sciences at the Inland Norway
University of Applied Sciences through announcements on
the University’s webpage and presentations to students during
classes. The inclusion criteria for participation were: (1) age 20–
45 years; (2) able to walk for 10 min outdoors and on a treadmill;
(3) not being an elite athlete (i.e., individuals currently competing
in sports at a national level or above). Initially, 65 individuals
responded to the researchers’ invitation, 34 of whom met the
inclusion criteria and confirmed their intention to participate
in the study. Eight individuals dropped-out (i.e., did not attend
on the scheduled day of the experiment). Thus, the final sample
included 26 participants (14 males, 12 females; age: 26 ± 8 years;
BMI: 23.12 ± 5.03), all of whom completed the full set of
experiments and assessments. All participants were informed in
writing about the purpose of the study and associated risks before
they provided their written consent. The study was approved
by the Norwegian Centre for Research Data and was performed
according to the Declaration of Helsinki.
IVE Technology
The IVE was constructed as a 360◦ video reproducing a nature
walk in the exact same location used for the ‘outdoor walk’
condition; this allowed us to reduce confounders such as different
characteristics of the two environments (see section “Design and
Procedure”). The video was filmed using a Samsung gear 360 sm-
c200 camera 2 days before the beginning of the experimentations.
The audio was recorded simultaneously in order to capture
sounds such as footsteps, the voices of people passing by and
other natural events. The camera was mounted on a modified
Yelangu s60t handheld stabilizer. The video was then run through
two software stabilizing programs – first in Adobe After Effects
CC 2017, Warp Stabilizer VFX and then in Samsung Gear 360
ActionDirector, build 1.0.0.2423, in order to further improve the
stability of the images in the post-production phase. Finally, the
video was adjusted for being viewed using a 360 VR video in
Samsung Gear 360 ActionDirector. The playback was made via
Samsung S7, with Android 7.0, mounted on a Samsung Gear VR
mask. To reproduce the sounds and minimize external noises,
during the experimentation participants wore a Sennheiser HD
201 headset together with the head-mounted display.
Design and Procedure
A schematic overview of the experimental design and data
collection process is shown in Figure 1. All participants
underwent three conditions: (a) a walk outdoors in a natural
environment, (b) a sedentary exposure to a IVE video, and
(c) a treadmill walk whilst being exposed to the same IVE
video (Figure 2). Each condition lasted 10 min, as this
span was previously shown to provide the largest effects on
psychological outcomes in green exercise experiments (Barton
and Pretty, 2010). Furthermore, according to the World Health
Organization’s guidelines, bouts of at least 10 min constitute the
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FIGURE 1 | Experimental design and data gathering organization.
FIGURE 2 | Experimental conditions: (A) Outdoor (walk in real nature); (B) Sitting-IVE (sedentary exposure to virtual walk in nature); (C) Treadmill-IVE (virtual walk in
nature while walking on a manually activated treadmill). Written informed consent was obtained from the individual for the publication of these images.
minimum unit for health-enhancing physical activity (WHO,
2017). All participants completed the walk outdoors before
undergoing the two other conditions, which were administered
in a randomized counter-balanced order. Each participant
underwent all three conditions on the same day, with a
minimum break of 15 min provided between each condition
in order for participants to recover from potential discomfort.
After such time, participants were asked whether they felt
sufficiently recovered and were comfortable to proceed with the
experimentation, and additional resting time was provided if
required. All experiments took place in the period between May
2nd and 10th 2017, with the IVE video recorded 2 days before the
first session. The outdoor weather condition varied from sunny
to overcast, with the temperature ranging between 7 and 17◦C.
The weather during the filming was sunny with a gentle breeze,
which could be heard at times in the playback. The temperature
in the laboratory was kept constant at 21◦C.
The outdoor walk took place on a fairly straight paved trail
along a large river in proximity to the university, where the IVE
conditions were administered in the laboratory. The environment
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also included some built elements, such as buildings and a
football field. The participants met the researchers in a building
by the trail and were individually accompanied by one of the
researchers to the starting point of the walk. The participants
were equipped with a wristwatch with a heart rate monitor and
GPS (Garmin, Forerunner 310XT), which had an alarm set-up for
ringing after 5 min. They were instructed to walk at a comfortable
pace on the trail until the alarm rang, at which point they turned
around and walked back to the starting point. At completion
of the outdoor walk, the participants were accompanied to the
laboratory. In the treadmill condition, the participants walked
on a manually driven treadmill (Woodway, Curve) equipped
with a structure for the participants to hold on to by placing
their hands in front of them. Unlike engine-driven treadmills,
manually driven treadmills are activated by a person moving their
feet while walking, similar to what happens when walking over
ground. In this way, the participants could control their pace in
a spontaneous manner. All participants underwent a short trial
of walking on the treadmill before starting the IVE condition. In
the sitting condition, the participants sat on a chair, in a separate
room within the laboratory.
Instruments
Environmental Perceptions
Perceived environmental restorativeness was measured after
completion of each condition using two subscales of the
Perceived Restorativeness Scale (Hartig et al., 1997): ‘fascination’
(five items) and ‘being away’ (two items). The components
‘extent’ and ‘compatibility’ were not used, as preliminary
testing suggested that these two items were not applicable
to the IVE conditions and might have led to inaccurate
assessments. Each item was rated on an 11-point Likert scale
(0 = absolutely disagree, 10 = absolutely agree). When these
questions were administered after the IVE conditions, a caption
explicitly indicated “The following questions relate to the virtual
environment.” The scale showed, in general, adequate internal
consistency for ‘fascination’ (α = 0.85–0.92), though poorer
internal consistency was detected for the component ‘being
away’ (α = 0.56–0.87). Additionally, eight items were used to
assess the participants’ feeling of presence after the two IVE
conditions. Seven of these items were adapted from those used
by Nichols et al. (2000), while an additional item was included
that related to the extent to which participants experienced cyber
sickness (Table 1). The items were formulated as statements, each
participant being asked to rate the extent to which they agreed
with each of them on an 11-point Likert scale (0 = absolutely
disagree, 10= absolutely agree).
Physical Engagement
Heart rate (HR) was continuously measured during all
experimental conditions using a HR-monitor (Garmin,
Forerunner 310XT), while ratings of perceived exertion (RPE)
were measured immediately after completing each experimental
condition using a Borg scale in a 20-point version (Borg, 1982).
The walking speed was also recorded using the Garmin GPS and
the treadmill computer in the outdoor and treadmill conditions,
respectively.
TABLE 1 | Items used to assess presence in participants who underwent an
IVE-based ‘nature walk’a.
Short name Item
Being there In the computer generated world I had the sense of
‘being there’
Realism I thought of the virtual environment as equal to the real
environment
Sense of reality The virtual world became more real or present to me
compared to the real world. NB: by ‘real world’ we
mean the room where you were undergoing the test
Awareness During the ‘virtual walk,’ I often thought of the other
person(s) in the room with me
Other persons It would have been more enjoyable to engage with the
‘virtual world’ with no-one else in the room
External noises Whilst I was doing the ‘virtual walk,’ I paid much
attention to other noises around me in the room
Flatness The virtual world appeared flat and missing in depth
Movement lag The lag or delay between my movements and the
moving in the ‘virtual walk’ were disturbing
Cyber sickness During the ‘virtual walk’ I got dizzy
aEach participant was exposed to the same IVE-based ‘nature walks,’ once while
they sat on a chair and once while they walked on a manual treadmill.
Affective Responses
Enjoyment was measured after each experimental condition
using a single item question: “On a scale from 0 to 10, how
enjoyable is the activity you have engaged in?” Participants gave
their answer on a numbered line (0 = not enjoyable at all;
10 = absolutely enjoyable). Additionally, participants’ affective
responses were assessed by administering the Physical Activity
Affect Scale (PAAS) (Lox et al., 2000) immediately before and
immediately after undergoing each experimental condition. The
PAAS consists of 12 items corresponding to different emotions
(e.g., “energetic,” “calm,” “miserable,” and “tired”) and placed
them within four quadrants, in line with Russell’s circumplex
model of affect and arousal (Russell, 1980): positive affect,
tranquility, negative affect, and fatigue. Each item was measured
on a 5-point rating scale (0 = strongly disagree; 4 = strongly
agree). Reliability analysis, showed reasonably adequate internal
consistency for most assessments (α = 0.64–0.86), though
somewhat poor levels of internal consistency were detected for
negative affect in the pre-condition assessments (α= 0.46–0.52).
Qualitative Data
As little is known about how people respond to virtual
experiences of nature, especially in relation to the technology
used in this particular study, qualitative information was
collected using a series of open-ended questions, which were
presented to the participants after completion of all three
conditions and quantitative measurements. Such questions, to
which the participants responded in written form, were inspired
by the structure of the quantitative assessments: a question
was developed for each of the quantitative variables in order
to explore the meaning behind participants’ responses in more
detail, for example: “In the questionnaire, you were asked to report
the extent to which you felt the environments were ‘fascinating’ and
gave you feelings of ‘being away.’ Could you say how well (or how
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poorly) did the IVE video reproduce such characteristics, compared
with the outdoor/real environment?” and “When you answered the
question about how ‘enjoyable’ the activity was, what determined
where in the scale you put your mark? Please, describe the feelings
you experienced in all three conditions separately.”
Analyses
Data were first explored for distribution, possible outliers and
missing values. A one-way repeated measurements analysis of
variance (ANOVA) was used to establish possible effects of
‘condition’ (i.e., outdoor, sitting, and treadmill) for the different
study variables. For the PAAS components, a factorial (two-
way) repeated ANOVA was used to investigate possible pre-
post changes in interaction with the experimental conditions. If
significance was achieved in the within-subjects test, a post hoc
analysis with Bonferroni’s adjustment of alpha was applied
in order to examine possible differences across the individual
conditions. Additionally, Spearman’s rank correlation coefficient
(ρ) was used to examine possible associations among all study
variables. The PAAS components were run into the correlation
analysis in form of delta values (i.e., the difference between post-
values and pre-values). All statistical analyses was carried out
using IMB Statistics SPSS version 21 (IBM Corp., New York).
Significance was set at p < 0.05.
The qualitative data were analyzed in accordance with the
‘framework approach’ (Gale et al., 2013), which provides clear
steps for summarizing qualitative data in a way that sheds light
on the participants’ responses to the quantitative questions.
The method is systematic and transparent and provides a
clear trail from raw data to thematic codes and quotations.
These aspects of the method contribute toward evaluating the
trustworthiness of the analysis. In addition, the process allows
for the inclusion of more than one researcher at various points
to discuss the emerging framework of codes, categories and
themes. In this study, discussion took place between three
members of the team in order to arrive at a more refined
version of comments. Initially, a coding frame relating to the
different overarching domains of the questionnaire was used
(i.e., presence, perceived environmental restorativeness, physical
engagement, and affective responses). Reiterative reading and
recoding of the data led to refinement of the coding frame and
the development of overarching themes.
RESULTS
Presence and Perceived Environmental
Restorativeness
No significant difference among the three conditions was
found for the two components of perceived environmental
restorativeness, ‘fascination’ [F(2,22) = 2,89; p = 0.076] and
‘being away’ [F(2,22) = 2.41; p = 0.112]. In relation to the
feelings of presence assessed in concomitance with the IVE
conditions, the participants reported high ratings of ‘flatness’
medium-high ratings of ‘being there’ and ‘sense of reality,’ low
levels of realism as well as low levels for the items depicting
external disturbances such as ‘awareness,’ ‘other persons,’ and
‘noises.’ Furthermore, the participants reported quite high ratings
of ‘movement lag’ and especially ‘cyber sickness’ (Figure 3). The
ANOVA showed no significant difference between the sitting and
the treadmill condition for all the presence domains, apart from
‘noises’ [F(2,24) = 11.60; p = 0.002], which had significantly
higher ratings in the treadmill condition compared with the
sitting condition.
Significant correlations were found among the different
domains of perceived environmental restorativeness and
presence, though different patterns of association emerged in
the sitting and the treadmill conditions (Table 2). ‘Fascination’
and ‘being away’ were highly correlated with each other in
both the sitting and the treadmill conditions. ‘Fascination’ was
positively associated with ‘being there’ and ‘realism’ in both the
sitting and the treadmill conditions, whereas it was positively
associated with ‘sense of reality’ and negatively associated with
‘awareness’ only in the treadmill condition. ‘Being away’ was
positively associated with ‘realism’ in both, the sitting and the
treadmill conditions, while it was associated with ‘being there’
only in the sitting condition and with ‘sense of reality’ and
‘other persons’ only in the treadmill condition. Moreover, in the
sitting condition, ‘being there’ was positively correlated with
‘realism’ and ‘sense of reality,’ while ‘awareness’ was positively
correlated with ‘noises.’ In the treadmill condition, ‘being there’
was negatively correlated with ‘awareness’ and ‘movement lag,’
‘movement lag’ was positively correlated with ‘flatness’ and
‘cyber sickness,’ and ‘flatness’ and ‘cyber sickness’ were positively
correlated with each other.
The qualitative data supported the quantitative results,
showing that a number of factors could disrupt the sense of
presence: the noise of the treadmill (n = 9; e.g., “The noise from
the treadmill was way too loud”), the lag between the pace of
the individual and the pace in the IVE video (n = 13; e.g., “The
discrepancy in the movements gave me a feeling of not having
control”), cyber sickness or other physical discomforts (n = 19;
e.g., “It made me dizzy and sick”), and the poor quality of the
imaging (n = 21; e.g., “The video was very blurry”). The poor
quality of the video was especially related by several participants
with other elements of presence, such as cyber sickness (n = 4;
e.g., “The poor quality of the video made me [feel] sick”), a feeling
of (not) ‘being there’ (n = 6; e.g., “The poor quality of the
video made it less real”), and to a certain extent the perceived
environmental restorativeness (n = 1; e.g., “The [settings in the]
IVE were fascinating, but the poor quality of the video reduced
their potential”). It also emerged that because the IVE conditions
only provided visual and auditory cues, it tended to reduce the
achievement of a comparative outdoor nature experience (n = 5;
e.g., “Air, smell, vision. [In the IVE conditions] I felt deprived of
the elements of nature and senses”). The additional element of
movement (treadmill condition) did not appear to have helped
people feel more engaged with the natural environment, although
in some cases it elicited greater feelings of ‘being there’ (n = 2;
e.g., “[In the treadmill condition] you could really feel that you
were in that place because you can move while you are watching
the video”). On the other hand, the element of movement did not
seem to provide a consistent protection from experiencing cyber
sickness; in fact, only four participants reported they felt less sick
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FIGURE 3 | Ratings of presence in a ‘sitting-IVE’ condition and a ‘treadmill-IVE’ condition (M ± SE; n = 26, repeated measurements). ∗∗p < 0.001 in a post hoc
comparison of sitting vs. treadmill.
in the treadmill condition than in the sitting condition, while two
reported the opposite, and the remaining reported that they felt
sick in "both IVE conditions” (n= 13).
Physical Engagement
Significant differences across conditions for HR mean
[F(2,24) = 70.84; p < 0.001] and HR max [F(2,24) = 71.71;
p < 0.001] were found. The pairwise comparison found a
significant difference when comparing the outdoor condition
with the sitting condition (p < 0.001 for both variables), but not
with the treadmill condition. Significant differences were also
found when comparing the two IVE conditions with each other,
with higher HR values in the treadmill condition as compared
with the sitting (p < 0.001 for both variables; Figure 4). There
were no differences in speed [min/km; F(1,25)= 3.52; p= 0.072]
when comparing the outdoor and the treadmill condition. On
the other hand, a significant effect across conditions was found
for RPE [F(2,23) = 17.84; p < 0.001], with higher RPE values
in the treadmill condition compared with both the outdoor
(p < 0.001) and the sitting condition (p = 0.003), while no
significant difference was found between the outdoor and the
sitting condition (Figure 4). As shown in Table 3, both HR mean
and HR max were positively associated with ‘movement lag’ in
the sitting condition, while in the treadmill condition, RPE and
HR mean were positively correlated with ‘cyber sickness.’
From the qualitative data it emerged that the possibility of
walking while being exposed to the IVE provided a ‘sense of
liberation’ which made the participants feel less passive and more
engaged with the virtual experience (n= 8; e.g., “[In the treadmill
condition] it was much better because I could move”; “[The sitting
condition was] challenging and stressful as you can’t move”). On
the other hand, some participants reported physical discomforts
due to poor postural control during the treadmill condition
(n= 4; e.g., “[The treadmill condition] was very stressful and tiring
because I had to hold on to the handlebar very hard”).
Affective Responses
Table 4 shows descriptive statistics for the affective responses,
alongside the outcomes of the ANOVA and post hoc analysis.
The ANOVA found significant differences across conditions for
enjoyment, with a post hoc analysis showing that compared
with the outdoor walk participants reported significantly less
enjoyment in both the sitting and the treadmill conditions.
The ANOVA also showed a significant interaction of ‘pre-post’
by ‘condition’ for positive affect, negative affect, and fatigue,
whereas the interaction was not significant for tranquility. The
affect profile assessed before the nature walk showed that the
participants reported low ratings of negative affect, fatigue,
and positive affect, whereas higher ratings were recorded for
tranquility. A post hoc analysis applying a Bonferroni’s correction
of alpha showed an improvement of the affect profile after
completing the outdoor walk, with a significant reduction of the
ratings of negative affect and fatigue. In contrast, the profile of
affect worsened after both IVE conditions, with a slightly larger
magnitude in the sitting condition: the ratings for positive affect
and tranquility reduced (change significant in both conditions),
whereas the ratings of negative affect and fatigue increased
(change significant only in the sitting condition). A post hoc
comparison on delta values across the different conditions
showed a significant difference between the outdoor walk and
both the IVE conditions for all PAAS components, whereas when
comparing the two IVE conditions with each other, it was found
that the reduction in positive affect was significantly larger in the
sitting than in the treadmill condition.
As shown in Table 3, ‘cyber sickness’ was consistently
associated with negative affective responses: ‘cyber sickness’
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FIGURE 4 | Heart rate (mean and maximum) and Ratings of perceived
exertion (RPE) in a walk outdoors, a ‘sitting-IVE’ condition, and a
‘treadmill-IVE’ condition (M ± SE; n = 26, repeated measurements).
∗∗p < 0.001 in a post hoc comparison of the sitting or treadmill conditions
with the outdoor condition, applying Bonferroni’s adjustment of alpha.
was negatively correlated with enjoyment, positive affect, and
tranquility, whereas it was positively correlated with negative
affect and fatigue (the latter only in the treadmill condition).
Significant correlations were found also between different
psychological variables and ‘being there,’ ‘realism,’ ‘sense of
reality,’ and ‘fascination,’ though with different patterns of
association for the sitting and the treadmill condition (Table 3).
The different emotional responses experienced in the outdoor
walk and the IVE conditions were also found in the qualitative
data. For example, participants expressed positive emotions such
as feeling “relaxed” and “happy” (n = 13) during the outdoor
condition, whereas negative emotions such as feeling “stressed”
and “tired” were expressed (n = 10) in relation to the IVE
conditions. Furthermore, the IVE conditions were viewed as
“boring” (n= 4), compared to “fun” (n= 1) and “great/amazing”
(n = 2) for their experience outdoors. Furthermore, some
participants made reference to the physical reactions experienced
during the IVE conditions, especially cyber sickness, which
was viewed as having had a strong influence on their affective
experience (e.g., “How I felt during the IVE condition – sick and
dizzy – [determined my level of enjoyment]”). Some participants
reported, however, that the novelty of trying the IVE technology
by itself provided some degree of enjoyment (n = 3; e.g., “Just
the fact that you are using virtual reality [made it enjoyable]”).
Only two participants reported that the element of movement in
the treadmill conditions elicited more positive affective responses
(e.g., “The sitting IVE was boring . . . Moving while the video was
playing [made it more enjoyable]”).
DISCUSSION
Our findings support, in part, the findings of previous
studies showing that green exercise experiences in real natural
environments, even in brief bouts (i.e., a 10-min walk), can lead
to enhanced psychological states (Barton and Pretty, 2010; Bowler
et al., 2010; Thompson Coon et al., 2011). We found in fact that
the walk in real nature was associated with an enhanced profile
of the participants’ emotional state, specifically in relation to a
reduction of fatigue and negative affect, alongside high ratings of
enjoyment. On the other hand, despite the participants reporting
levels of perceived environmental restorativeness (‘fascination’
and ‘being away’) and physical engagement equivalent to those
experienced in the real nature walk, alongside reasonably high
levels of some aspects of presence (e.g., ‘being there’ and ‘sense
of reality’), unlike the walk in real nature the IVEs led to
negative affective responses. These latter findings differ from
those of previous studies that have used non-immersive virtual
nature in combination with physical activity, i.e., walking on a
treadmill or cycling on a stationary bike whilst watching images
or videos of nature projected on a screen (Pretty et al., 2005;
Plante et al., 2006; Akers et al., 2012; White et al., 2015; Yeh
et al., 2017). These studies found in fact that virtual nature can
provide psychophysiological benefits such as improvement of
affect states and restoration of mental fatigue. However, such
benefits are not as large as those that can be obtained in real
natural environments, as shown in studies that had participants
visiting a real natural environment and/or viewing a video
of the same nature (Plante et al., 2006; Mayer et al., 2009;
Olafsdottir et al., 2017). Our findings also differ from those
found by Valtchanov et al. (2010), which showed restorative
effects in subjects who were exposed to an IVE using a HDM.
It is, however, important to note some fundamental differences
between our study and that of Valtchanov et al. (2010), which
are likely to have played a role in the different outcomes of
the two studies, especially resulting in our participants being
more exposed to risk of incurring in cyber sickness: first, in the
Valtchanov et al. (2010) study the participants sat at a computer
station and controlled their movements using a mouse, whereas
our participants were ‘passive’ observers of a first-person video;
secondly, in the Valtchanov et al. (2010) study the HDM used
allowed only a 65◦ vision, therefore not engaging the participants’
peripheral vision.
The negative affective responses that emerged in our study
seem to be mainly associated with participants’ experience with
IVE being commonly disrupted by the occurrence of cyber
sickness. Cyber sickness is known to be a common problem with
current IVE technology (Nichols et al., 2000), and a number
of theories have been proposed to explain why it occurs. In
spite of this, to date little is known about how to prevent
it. Two of the most well-known theories on cyber sickness
are the sensory conflict theory, which suggests cyber sickness
is mainly caused by conflicting signals received by the visual
and vestibular systems, and the postural instability theory, which
states that long periods without postural control will cause cyber
sickness (LaViola, 2000). In the present study, some participants
reported that they struggled to maintain postural control during
the treadmill condition, suggesting that postural control might
indeed have contributed to the development of cyber sickness in
some participants. However, triangulation of the qualitative and
quantitative data revealed that those participants who reported
challenges in maintaining postural control on the treadmill did
not consistently report higher ratings of cyber sickness in the
treadmill condition, and in all but one case, the ratings were
lower than in the sitting condition. On the other hand, during the
Frontiers in Psychology | www.frontiersin.org 9 January 2018 | Volume 8 | Article 2321
fpsyg-08-02321 January 19, 2018 Time: 16:52 # 10
Calogiuri et al. Green Exercise in IVE
TA
B
LE
3
|S
pe
ar
m
an
’s
co
rr
el
at
io
n
of
th
e
di
ffe
re
nt
do
m
ai
ns
of
pr
es
en
ce
an
d
pe
rc
ei
ve
d
en
vi
ro
nm
en
ta
lr
es
to
ra
tiv
en
es
s
w
ith
af
fe
ct
iv
e
re
sp
on
se
s
an
d
ph
ys
ic
al
en
ga
ge
m
en
ti
n
pa
rt
ic
ip
an
ts
ex
po
se
d
to
an
IV
E
vi
de
o
w
hi
le
si
tt
in
g
on
a
ch
ai
r
an
d
w
hi
le
w
al
ki
ng
on
a
m
an
ua
lt
re
ad
m
ill
(M
±
S
E
;n
=
26
,r
ep
ea
te
d
m
ea
su
re
m
en
ts
).
S
it
ti
ng
IV
E
Fa
sc
in
at
io
n
B
ei
ng
aw
ay
B
ei
ng
th
er
e
R
ea
lis
m
S
en
se
o
f
re
al
it
y
A
w
ar
en
es
s
O
th
er
p
er
so
ns
N
o
is
es
Fl
at
ne
ss
M
o
ve
m
en
t
la
g
C
yb
er
si
ck
ne
ss
H
R
m
ea
n
0.
20
0.
31
−0
.0
2
−0
.2
4
−0
.0
3
−0
.0
2
0.
23
−0
.0
3
0.
24
0.
45
∗
0.
13
H
R
m
ax
0.
16
0.
29
−0
.0
0
−0
.2
3
0.
03
0.
02
0.
21
−0
.0
7
0.
40
∗
0.
50
∗∗
0.
23
R
P
E
−0
.2
9
−0
.4
4∗
−0
.1
0
−0
.3
7
0.
13
−0
.1
5
−0
.0
1
−0
.3
3
−0
.3
8
−0
.1
1
0.
38
E
nj
oy
m
en
t
0.
47
∗
0.
46
∗∗
0.
38
0.
36
−0
.1
0
0.
03
0.
02
0.
18
−0
.0
8
−0
.2
4
−0
.7
9∗
∗
P
os
.a
ffe
ct
(d
el
ta
)
−0
.0
9
0.
09
−0
.1
7
−0
.1
6
−0
.3
1
0.
03
−0
.0
1
0.
19
−0
.2
4
−0
.1
5
−0
.7
3∗
∗
Tr
an
qu
ilit
y
(d
el
ta
)
0.
18
0.
29
0.
10
0.
46
∗
−0
.3
4
0.
20
0.
05
0.
45
∗
0.
21
−0
.1
5
−0
.6
0∗
∗
N
eg
.a
ffe
ct
(d
el
ta
)
0.
00
−0
.1
2
0.
07
0.
11
0.
25
−0
.0
5
0.
08
−0
.2
0
−0
.0
2
0.
08
0.
77
∗∗
Fa
tig
ue
(d
el
ta
)
0.
39
∗
0.
33
0.
34
0.
44
∗
0.
02
0.
10
0.
27
0.
10
0.
20
0.
04
0.
05
Tr
ea
d
m
ill
IV
E
Fa
sc
in
at
io
n
B
ei
ng
aw
ay
B
ei
ng
th
er
e
R
ea
lis
m
S
en
se
o
f
re
al
it
y
A
w
ar
en
es
s
O
th
er
p
er
so
ns
N
o
is
es
Fl
at
ne
ss
M
o
ve
m
en
t
la
g
C
yb
er
si
ck
ne
ss
S
pe
ed
0.
07
0.
06
0.
37
−0
.2
2
0.
08
−0
.1
3
−0
.0
5
−0
.1
8
−0
.2
0
−0
.3
5
−0
.3
3
H
R
m
ea
n
0.
08
−0
.0
7
−0
.1
8
0.
07
0.
16
0.
29
0.
21
0.
28
0.
11
0.
30
0.
40
∗
H
R
m
ax
0.
07
−0
.0
7
−0
.2
4
0.
06
0.
09
0.
29
0.
23
0.
36
0.
11
0.
28
0.
36
R
P
E
−0
.1
6
−0
.1
0
−0
.0
5
0.
17
−0
.0
1
0.
32
0.
06
0.
15
−0
.0
8
0.
16
0.
41
∗
E
nj
oy
m
en
t
0.
54
∗∗
0.
40
∗
0.
80
∗∗
0.
26
0.
42
∗
−0
.1
7
0.
04
−0
.2
3
−0
.3
4
−0
.6
2∗
∗
−0
.5
2∗
∗
P
os
.a
ffe
ct
(d
el
ta
)
0.
14
0.
14
0.
02
0.
19
0.
09
−0
.5
5∗
∗
−0
.0
6
0.
02
−0
.1
6
−0
.2
6
−0
.5
6∗
∗
Tr
an
qu
ilit
y
(d
el
ta
)
0.
03
0.
10
−0
.0
8
0.
01
−0
.1
2
−0
.5
1∗
∗
−0
.1
7
−0
.1
3
−0
.1
7
−0
.1
6
−0
.5
2∗
∗
N
eg
.a
ffe
ct
(d
el
ta
)
0.
25
0.
32
−0
.1
2
0.
18
0.
21
0.
22
0.
30
0.
13
0.
15
0.
24
0.
65
∗∗
Fa
tig
ue
(d
el
ta
)
−0
.0
2
−0
.1
0
0.
05
−0
.2
9
−0
.1
1
0.
26
0.
06
0.
00
−0
.0
3
0.
12
0.
43
∗
∗ C
or
re
la
tio
n
is
si
gn
ifi
ca
nt
at
th
e
0.
05
le
ve
l(
2-
ta
ile
d)
.∗
∗ C
or
re
la
tio
n
is
si
gn
ifi
ca
nt
at
th
e
0.
01
le
ve
l(
2-
ta
ile
d)
.H
R
=
H
ea
rt
ra
te
;R
P
E
=
R
at
in
gs
of
pe
rc
ei
ve
d
ex
er
tio
n.
Frontiers in Psychology | www.frontiersin.org 10 January 2018 | Volume 8 | Article 2321
fpsyg-08-02321 January 19, 2018 Time: 16:52 # 11
Calogiuri et al. Green Exercise in IVE
study it was noted that the participants who reported the highest
levels of cyber sickness developed it very quickly after starting the
IVE sessions. Again, triangulating the quantitative and qualitative
data also revealed that, consistent with the sensory conflict
theory, complaints of movement lag and flatness (i.e., poor
quality of the imaging, including blurriness and lack of depth)
were commonly associated with higher ratings of cyber sickness.
This might also explain why the element of physical movement
(treadmill condition) was unable to attenuate cyber sickness: in
this condition, the participants still struggled with movement lag
and flatness, which might have triggered a conflict between visual
input and the vestibular system. It should be noted, however,
that it is likely that inter-individual differences exist in why and
how a person develops cyber sickness, and therefore different
theories may be applicable to different individuals under diverse
conditions (LaViola, 2000).
Our findings show that movement lag and, in particular, cyber
sickness, also emerged as factors influencing the participants’
affective responses, the latter being an important component
underpinning green exercise behaviors as well as possibly
mediating various health outcomes (Calogiuri and Chroni, 2014).
Thus, this issue has important implications for studying the
effectiveness of IVE technology in green exercise research. In
a recent study, Kokkinara et al. (2016) demonstrated that
watching a first-person IVE video of someone walking can
create an illusory sense of agency (i.e., the subjective awareness
of initiating, executing, and controlling an action), inducing a
person to perceive that the movement is initiated by him or
herself. It seems, however, that the discrepancy between a person’s
movements (or lack of movement, as in our sitting condition)
and movements observed in the video can nevertheless result
in uncomfortable, or even “frustrating” (as some participants
defined it), conflicts between the ‘real self ’ and the ‘virtual
self.’ Cyber sickness had an even more dramatic impact on
participants’ psychophysiological responses, and was consistently
associated with less enjoyment, reduced tranquility and positive
affect, increased fatigue and negative affect, and (in the treadmill
condition) higher HR and perceived exertion. The latter was
especially surprising. Previous research shows that individuals
tend to report higher RPE when walking/running on a treadmill
as compared with walking/running outdoors (Harte and Eifert,
1995; Focht, 2009; Calogiuri et al., 2015). In the present study,
it was hypothesized that being exposed to the IVE video whilst
walking on the treadmill would have mitigated this effect by
causing an ‘attentional shift’ from internal feelings of effort
toward the virtual environment, which previous research suggests
to be the reason for reporting lower RPE when engaging in green
exercise as compared with indoor exercise (Harte and Eifert,
1995). The results, however, did not support this expectation.
The higher perceived exertion might be linked to cyber sickness,
but also the increased feelings of fatigue or the poor postural
control that some participants experienced. The latter factor
might, especially, have caused the participants to retain the
attention focus toward internal feelings (e.g., keeping the balance
of controlling the movements), therefore hindering the shift
of focus towards the environment. More research is, however,
needed in this field to better understand the reasons that underlie
such phenomenon.
Despite the impact of cyber sickness and the different
psychophysiological responses observed, our findings suggest
some important lines of enquiry for future research and
application in this area. In particular, we found that the
IVE-related ratings of perceived environmental restorativeness
(i.e., the extent to which the participants perceived the virtual
environment as fascinating and providing the opportunity to
experience ‘being away’) were quite consistently associated with
TABLE 4 | Affective responses to a walk outdoors in a real natural environment and two virtual nature walks (M ± SD; n = 26).
Outdoor walk Sitting IVE Treadmill IVE Pre vs. Post Condition Interaction
Enjoyment 7.69 ± 1.78 3.00 ± 2.59a 3.96 ± 2.32a − F (2,24) = 29.93∗∗ −
Positive affect
Pre 0.68 ± 0.16 0.62 ± 0.25b 0.57 ± 0.24b F (1,25) = 25.304∗∗ F (2,50) = 20.232∗∗ F (2,50) = 14.836∗∗
Post 0.70 ± 0.19 0.43 ± 0.25 0.49 ± 0.22
Delta 0.02 ± 0.10 −0.19 ± 0.17ac −0.08 ± 0.15ac
Tranquility
Pre 2.82 ± 0.91 2.59 ± 0.80b 2.54 ± 0.84b F (1,25) = 20.346∗∗ F (2,50) = 14.114∗∗ F (2,50) = 6.550
Post 2.83 ± 0.75 2.03 ± 1.06 1.99 ± 0.89
Delta 0.01 ± 0.67 −0.56 ± 0.69a −0.55 ± 0.67a
Negative affect
Pre 0.32 ± 0.41b 0.29 ± 0.50b 0.28 ± 0.40 F (1,25) = 8.824 F (2,50) = 5.430∗ F (2,50) = 12.335∗∗
Post 0.18 ± 0.33 0.87 ± 1.01 0.58 ± 0.84
Delta −0.14 ± 0.21 0.58 ± 0.69a 0.29 ± 0.74a
Fatigue
Pre 0.86 ± 0.69b 0.76 ± 0.63b 0.69 ± 0.65 F (1,25) = 2.345 F (2,50) = 2.117 F (2,50) = 12.106∗∗
Post 0.55 ± 0.55 1.15 ± 0.87 1.00 ± 0.81
Delta −0.31 ± 0.56 0.40 ± 0.63a 0.31 ± 0.71a
∗p < 0.05; ∗∗p < 0.001. aSignificant post hoc comparison with the outdoor walk, applying a Bonferroni’s adjustment of alpha. bSignificant post hoc pre-post comparison,
applying a Bonferroni’s adjustment of alpha. cSignificant post hoc comparison between the two IVE conditions, applying a Bonferroni’s adjustment of alpha.
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the rating of enjoyment the participants assigned to the IVE
experiences. Perceived environmental restorativeness has been
found to correlate with ratings of enjoyment during green
exercise in real natural environments (Calogiuri et al., 2015).
Thus, this finding suggests that in future studies it could be
possible to elicit greater enjoyment by producing IVE videos
showing natural environments with higher restorative value, as
compared with the environment used in this particular study.
Furthermore, it is likely that, in the relatively near future,
technological developments will allow access to HMDs with
higher resolution, which might also limit the occurrence of cyber
sickness, and its consequent impact on affective responses.
Strengths and Limitations of the Study
The strength of our study is primarily ascribed to its novelty: to
the best of our knowledge, this study is one of few using a HMD in
combination with physical activity (i.e., walking on a treadmill),
and the very first using such technology to simulate green
exercise experiences. The within-subjects experimental design,
with two different IVE conditions administered in counter-
balanced order preceded by exposure to a corresponding real
environment, also represents a strength of our study. Our design
might, however, have led to some confounding effects: first,
due to the large number of comparisons, we had to apply
a restrictive significance level (i.e., Bonferroni’s adjustment),
which is likely to have increased the probability of incurring
type-II errors; second, varying weather conditions might have
influenced the participants’ experience of the outdoor condition
and, relatedly, the psychological outcomes. Most importantly,
because the technology used in this study is quite novel, specific
equipment that would have helped produce a more stable video
was not available. We had to adapt a generic handheld stabilizer,
but this was not optimal for a 360◦ camera, which is very
light and symmetrical in shape: additional weights had to be
added to the stabilizer, and we had to find solutions to avoid
it rotating on its own axis. Furthermore, the program used to
improve the stabilization of the video in post-production was
at an early stage of development. The development of second-
generation technology that will better address these challenges
will increase possibilities in this field and might produce different
findings.
CONCLUSION
Using commercially available IVE technology, we were unable
to reproduce psychophysiological responses similar to those
experienced during green exercise in a real natural environment.
The main factors hindering positive psychophysiological
responses during IVE-based green exercise were the occurrence
of cyber sickness, the poor image quality, and the lack of a holistic
engagement with the natural environment. The additional
element of physical movement (i.e., walking on a treadmill)
provided only limited benefit compared with the sedentary
exposure to the virtual nature walk. IVE technology might
in future be a useful instrument in green exercise research
and promotion, but only if image quality and cyber sickness
can be addressed. IVEs reproducing environments with higher
restorative value might also contribute to more positive affective
responses during IVE-based green exercise.
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